Objectives: Site-independent ratings surveillance assessed ratings reliability in a clinical trial.
| INTRODUCTION
Randomized clinical trials in psychiatry depend on the reliability of scores obtained from symptom questionnaires that evaluate the efficacy of a candidate drug (Kobak, Feiger, & Lipsitz, 2005; Kobak, Kane, Thase, & Nierenberg, 2007; Leon & Marzak, 1995; Muller & Szegedi, 2002; Perkins, Wyatt, & Bartko, 2000; Targum, 2006) . Multiple factors may affect the reliability of ratings including the training and certification programs that precede study initiation as well as the actual ratings performance during the study. Each rating instrument has different psychometric properties that may influence ratings and affect interrater reliability (IRR). Symptom severity and the patient's ability to cooperate with the interview may affect ratings reliability. Rater and/or patient motivations or biases may impede objectivity and influence ratings, particularly at the screen visit. Recently, site-independent raters have been used to assess the reliability of ratings in clinical trials (Leigh-Pemberton et al., 2014; Schoemaker, Gaur, Chawla, Jansen, & Szegedi, 2009; Shen, Kobak, Zhao, Alexander, & Kane, 2008; Targum et al., 2015; Targum, Pendergrass, Toner, Asgharneshad, & Burch, 2014) . One method uses audio-digital recordings of the site-based interviews to generate paired site-independent scores for assessment of rating precision Targum et al., 2015; . The paired scores can confirm individual site-based ratings, evaluate rater performance, and identify site-based ratings that markedly deviate from the site-independent score ("outliers"). A surveillance strategy of this type may be able to improve the integrity of study data and optimize ratings precision.
Several studies have identified major depressive disorder (MDD) with subthreshold hypomania ("mixed" features) as a distinct entity within the population of MDD patients (Goldberg et al., 2009; Hu, Mansur, & Mcintyre, 2014; Mcintyre, Tohen, Berk, Zhao, & Weiller, 2013; Suppes et al., 2005; Suppes et al., 2016; Zimmermann et al., 2009 ). MDD with mixed features has been specified in DSM-5 criteria as well (American Psychiatric Association, 2013) . In this analysis, we assessed the IRR of the Montgomery-Asberg Depression Rating Scale (MADRS) and the Young Mania Rating Scale (YMRS) in a multiregional study of patients with MDD with mixed (subthreshold hypomanic) features (Montgomery & Asberg, 1979; Suppes et al., 2016; Young, Biggs, Ziegler, & Meyer, 1978) . We used an audio-digital recording method that permitted comparison of site-based interviews with site-independent scoring to examine IRR and the relationship of symptom severity and interview length to scoring concordance.
| METHOD
The IRR ratings analysis reported here was done as part of a subject selection approval process that was part of the clinical trial design in RESOLVE: A randomized, 6-week, double-blind, placebo-controlled, flexible-dose, parallel group study of lurasidone for the treatment of MDD with mixed features (clinicaltrials.gov NCT01421134). A full description of the study design, patient characteristics, and treatment outcome has been published elsewhere Targum et al., 2016) . Forty-four clinical trial sites located in Russia (7), Serbia (10), Ukraine (7), United Kingdom (2), and the United States (18) participated in this study between April 2011 and October 2014.
In this study, MDD with mixed features was defined as a patient who was currently experiencing a major depressive episode for at least 2 weeks (diagnosed by DSM IV TR) and had two or three manic symptoms that occurred on most days over at least the last 2 weeks.
The diagnosis was confirmed by the Structured Clinical Interview for DSM-IV-CT that was modified for this mixed depression study (First, Williams, Spitzer, & Gibbon, 2007) . The eligible manic symptoms included the following seven symptoms:
• Elevated, expansive mood.
• Inflated self-esteem or grandiosity.
• More talkative than usual or pressure to keep talking.
• Flight of ideas or subjective experience that thoughts are racing.
• Increase in energy or goal-directed activity (either socially, at work or school, or sexually).
• Increased or excessive involvement in activities that have a high potential for painful consequences (e.g., engaging in unrestrained buying sprees, sexual indiscretions, or foolish business investments).
• Decreased need for sleep (feeling rested despite sleeping less than usual; to be contrasted from insomnia).
The study was conducted in compliance with the informed consent regulations of an Institutional Review Board (IRB) and International Conference on Harmonization (ICH) for Good Clinical Practice (GCP) Guidelines at the 44 clinical trial sites. All potential patients consented to participate in the study and to the use of audio-digital recording of site-based screening interviews for independent review.
The recordings were part of a pre-specified site-independent quality assurance program that reviewed subject eligibility, interview quality, and ratings precision. Eligible patients required a minimum total MADRS score of 26 at screen and baseline (Montgomery & Asberg, 1979) . There was no study entry criterion for the YMRS score.
All site-based and site-independent clinician-raters participated in a comprehensive rater training and certification program that included IRR assessments for two MADRS and twoYMRS ratings by video observation of expert interviews (Montgomery & Asberg, 1979; Targum, 2006; Young et al., 1978) . The site-independent clinicians met the same ratings qualification standards as the site-based raters using the expert interviews as scoring standards. Light's kappa (a multi-rater version of Cohen's kappa) was used to calculate IRR for the training and certification interviews (Warrens, 2010) . The study used a structured version of the MADRS (SIGMA: the structured interview guide for the MADRS) and the YMRS interview (developed by Sachs, & Harrington, 2006) in order to foster standardization and improve IRR (Sachs, & Harrington, 2006; Williams & Kobak, 2008) . Site-based raters were also trained to use audio-digital recording devices ("pens") for the MADRS and YMRS interviews . The pens simultaneously recorded the audio portion of the interview while digitally capturing all written notes on specially manufactured paper. The recorded interviews were electronically submitted to Clintara LLC for distribution and evaluation by the site-independent raters. Paired scoring concordance was determined by the numerical deviation of the total MADRS or YMRS scores (total score differences) between the paired site-based and site-independent ratings. Some scoring variability between a live site-based interviewer and a siteindependent clinician who is dependent on a recorded interview is inevitable. The concordance measure reflects scoring consistency between two raters but does not necessarily reflect scoring accuracy by either rater. Absolute discordance reflects the total deviation of the paired scores in either direction. An acceptable scoring concordance range was preselected as within 6 points in either direction on the MADRS and within 4 points on the YMRS based on the observed scoring distributions of these scales across multiple studies . The choice of a relatively broad concordance range was based upon the operational focus of the quality assurance program to identify possible rater outliers for remediation. In all cases of discordance, a second, independent rater scored the recorded interview for confirmation. In confirmed cases, rater remediation was initiated via telephone discussion to discuss the specific score differences, individual item deviations, and/or issues related to interviewing style. A discordant outlier was defined as any paired score that exceeded the preselected acceptable concordance range in either direction after secondary scoring confirmation.
We examined the impact of symptom severity and the timed, recorded interview length of the site-based interviews on the ratings reliability of the paired scores. We used four MADRS severity levels (MADRS scores of <30, 30-34, 35-39, and ≥40) and three YMRS score levels (≤10, 11-14, and ≥15). For the analysis of interview length and discordance, we used the median length as a cut-off and selected MADRS and YMRS interviews that were approximately the shortest 20% of all timed study-eligible interviews (rounded off to the nearest minute) as a shorter length cut-off. Thus, 34 MADRS interviews that took ≤12 min (18.5% of all MADRS interviews) and 39 YMRS interviews (21.2%) that took ≤10 min were categorized as "short" interviews for this analysis.
We examined the intraclass correlation (ICC), mean scoring variance between the paired ratings, mean absolute paired discordance, and identified individual discordant outliers amongst the available paired site-based and site-independent MADRS and YMRS scores conducted at the screen visit. There were 211 patients enrolled in this study as previously reported . Complete data (including timed interview length) for the paired scoring analyses in this report was available for 184 MADRS and YMRS scores at the screen visit. This sample included 76 paired scores from the United States, 6 from the United Kingdom, 7 from Russia, 41 from Serbia, and 54 from the Ukraine.
There were no systematic regional differences noted in any scores between the United States and European trial sites.
At screening, the mean (±SD) MADRS scores were 32.5 ± 4.2 for the 184 site-based MADRS scores and 31.4 ± 4.9 for the paired site-independent ratings (paired t test = 4.12; df = 183; p < 0.0001).
The median site-based MADRS score was 32.
At screening, the mean (±SD) YMRS scores were 10.8 ± 5.1 for the site-based scores and 10.1 ± 4.5 for the 184 paired siteindependent ratings (t = 4.11; df = 183; p < 0.0001). The median site-based YMRS score was 10.
The ICC between the paired site-based and site-independent scores was r = 0.708 for the MADRS and r = 0.885 for the YMRS.
Figures 1 and 2 display the scoring deviations between site-based and site-independent raters for the paired MADRS and YMRS interviews. A total of 88% of the paired MADRS scores were within 6 points and 93.8% of the YMRS scores were within 4 points of each other. Table 1 shows the mean total MADRS and YMRS scores, mean variance, mean absolute discordance, and the number of discordant outliers observed between the paired site-based and site-independent scores relative to interview length.
There were 22 pairs of discordant MADRS outliers (12.0%) that exceeded the acceptable concordance range. Fifteen of the discordant site-independent scores were lower than the site-based MADRS scores. There were 12 discordant YMRS outliers (6.5%) that exceeded the acceptable YMRS concordance range. Ten of the 12 discordant site-independent YMRS scores were lower than the site-based YMRS scores. The site-based raters were remediated via telephone discussion regarding these discordant scores.
| Screen failures based upon sub-threshold MADRS scores
The surveillance program identified patients with sub-threshold MADRS scores that were below the study entry criterion of 26 at the screen visit. Fourteen of the 184 MADRS scores (7.6%) in this analysis were below the protocol-specified study entry criterion and the patients were consequently screen failed. Eleven site-based raters from 11 different trial sites submitted these 14 MADRS scores prior to rater remediation.
Two of the 14 sub-threshold MADRS scores were actually site-based ratings that were clearly ineligible for the study but were submitted for review nonetheless. Nine of the other 12 screen failures had site-based MADRS scores between 26 and 29 at the screen visit.
Nine of the 14 screen failures (64.3%) were discordant outliers (the total paired MADRS score difference was >6 points) in contrast to only 13 of the other 170 MADRS pairs (7.7%) in this analysis (χ 2 = 34.22; df = 1; p < 0.0001). It is noteworthy that 4 of the 12 discordant paired YMRS scores were also within this group of 14 screen failures.
| MADRS symptom severity and scoring discordance
Symptom severity based on the total MADRS score was slightly correlated with absolute paired scoring discordance (r = −0.186; p = 0.01). MADRS symptom severity scores at screen were divided into four groups for analysis of the effect of total score severity on scoring discordance (Table 1) . Thirteen patients (7.1% of the study population) had MADRS scores ≥40, and 47 patients (25.5%) had scores <30 at the screen visit.
As shown in Table 1 , symptom severity was associated with paired scoring variance ( F = 4.29; df = 3; p < 0.006).
TARGUM ET AL. Figure 3 displays the discordant outlier rates observed in patients across the four MADRS severity levels at the screen visit.
The site-based ratings with the lowest (<30) and highest MADRS scores (≥40) yielded significantly more discordant outliers than the MADRS scores between 30 and 39 (χ 2 = 11.88; df = 3; p = 0.0008). There were significantly more discordant outliers in the group of MADRS scores <30 than all higher MADRS scores (χ 2 = 4.09; df = 2; p = 0.04).
Amongst the discordant MADRS scores <30, many of the 10 MADRS items scored by site-based raters were higher than the conventional scoring anchors. On the other hand, the discordant MADRS pairs with total scores ≥40 included some more severely ill patients who were more difficult to score.
| MADRS interview length and scoring discordance
MADRS interviews ranged from 4.7 to 49.0 min in length. The mean ± SD MADRS interview length was 19.3 ± 7.8 min with a median interview length of 18.7 min.
Symptom severity and mean absolute discordance were not correlated with MADRS interview length (r = 0.094 and r = −0.045, respectively). However, there were more discordant pairs associated with shorter length MADRS interviews. MADRS interviews below the median interview length had a mean absolute discordance of 3.15 ± 2.7 in contrast to 2.24 ± 2.2 for interviews that took longer than the median interview length (analysis of variance: F = 6.13; df = 1; p = 0.014). Sixteen of the 92 MADRS interviews (17.4%) below the median interview length were discordant in contrast to only 6 interviews (6.5%) that took longer (χ 2 = 4.18; df = 1;
The observed paired scoring discordance was primarily due to the shortest 20% of the MADRS interviews. These 34 MADRS screen interviews took ≤12 min to conduct. Table 2 compares paired scoring discordance between these shortest length MADRS interviews and the longer interviews. As shown, there was significantly greater absolute discordance in the shorter MADRS interviews compared with longer interviews ( F = 6.03; df = 1; p = 0.015) and significantly more discordant outliers (χ 2 = 6.74; df = 1; p = 0.009).
The site-independent raters reported that there was insufficient clinical information obtained during many of these shorter interviews that affected reliable scoring and ultimately generated paired scoring discordance.
Seven MADRS interviews took longer than 35 min. Two of these seven interviews generated discordant outliers (28.6%). In this small cohort of longer MADRS interviews, the mean paired scoring variance was 23.6 ± 4.9 and the mean absolute discordance was 4.0 ± 2.7. The site-independent raters reported that these patients FIGURE 1 Montgomery-Asberg Depression Rating Scale (MADRS) scoring discordance distribution between site-based and site-independent raters seemed to be more difficult to interview than other patients with similar pathology.
| YMRS interviews and scoring discordance
Study-eligible patients had sub-threshold hypomania and acutely manic patients were excluded. The study entry criteria had no YMRS eligibility criterion. Most patients (60%) had YMRS scores ≤10 at the screen visit. Thirty-six patients (20% of the study population) had YMRS scores ≥15.
| YMRS symptom severity and scoring discordance
Symptom severity based on the total YMRS score was correlated with absolute paired scoring discordance (r = 0.342; p = 0.0001). The patients with the higher YMRS scores had significantly greater paired scoring variance, absolute scoring discordance, and discordant outliers (Table 1 and Figure 4 ).
The mean (±SD) absolute discordance was 2.8 ± 2.6 when the YMRS score was ≥15 in contrast to 1.34 ± 1.5 when the YMRS score was <15 ( F = 20.62; df = 1; p < 0.0001). Further, as shown in Figure 4 , 7 of the 36 patients with YMRS scores ≥15 (19.4%) in contrast to 5 of the 148 patients (3.4%) with YMRS scores <15 were discordant outliers (Fisher exact test p = 0.002).
Site-independent raters reported that the discordant YMRS pairs with higher YMRS severity scores included some agitated patients who were less cooperative and more difficult to interview.
| YMRS interview length and scoring discordance
YMRS interviews ranged from 4.0 to 52.5 min in length. The mean YMRS interview length was 15.5 ± 8.3 min (median interview length = 13.3 min).
Higher YMRS symptom severity was modestly correlated with increased interview length (r = 0.143; p = 0.05). The site-independent raters reported that most of the shorter YMRS interviews were relatively easy to score because the patients endorsed fewer symptoms and the site-based raters obtained sufficient clinical information. In fact, YMRS interviews that took ≤10 min (the shortest 20% of the sample) had significantly less mean absolute scoring discordance than longer length interviews ( F = 4.48; df = 1; p = 0.036) and yielded only one discordant outlier. Alternatively, the seven YMRS interviews took longer than 35 min included some agitated patients who were more difficult to assess than patients with shorter interviews. In this small cohort of seven patients, both the mean variance (11.5 ± 3.4) and mean absolute discordance (6.3 ± 2.5) was much greater than observed in the overall study population (Table 2) .
| DISCUSSION

Audio-digital recordings of site-based MADRS and YMRS interviews
were obtained as part of a quality assurance surveillance program in a placebo-controlled clinical trial that investigated the efficacy of lurasidone in patients meeting criteria for MDD and subthreshold FIGURE 2 Young Mania Rating Scale (YMRS) scoring discordance distribution between site-based and site-independent raters hypomania (mixed features). The purpose of the paired ratings comparison was to assess site-based ratings in order to confirm sufficient symptom severity for study eligibility, assess ratings reliability, and to identify rater outliers for remediation or removal from the study if necessary.
Site-based MADRS and YMRS scores were highly correlated with the paired site-independent scores with minimal paired scoring discordance and relatively few ratings outliers. We did not continue the recorded surveillance program beyond the screen visit in the current study and therefore cannot comment on its sustained utility following randomization. However, we have previously reported that audio recording surveillance that is continued throughout a study facilitates even higher IRR than at the screen visit and has high predictive value for signal detection as well (Leigh-Pemberton et al., 2014; . The mere awareness of being observed via recorded interviews may encourage better ratings performance (e.g., Hawthorne effect) and foster more complete interviews (McCarney et al., 2007; .
Higher symptom severity affected paired scoring concordance on both the MADRS and YMRS. The greater paired scoring deviations (discordance) observed with higher scores is due in part to the wider possible scoring range generated by more severe individual item psychopathology. MADRS scores ≥40 and YMRS scores ≥15 also generated a high number of discordant outliers in this study population using the prespecified concordance ranges (Figures 3   and 4) . It is understandable that specific cut-off scores can naturally generate more paired scoring differences for higher site-based scores. For instance, a >6 point paired score difference represents Site-based MADRS 32.5 ± 4.1 27.6 ± 1.9 31.9 ± 1.5 36.4 ± 1.3 41.7 ± 2.0
Site-Independent MADRS 31.4 ± 4.9 27.0 ± 4.5 31.3 ± 3.3 34.5 ± 3.4 38.3 ± 4.1
Mean variance 12.6 ± 3.5 17.2 ± 4.1 9.7 ± 3.1 11.2 ± 3.3 12.1 ± 3.5 F = 4.29; df = 3; p < 0.006 ABS discordance a 2.7 ± 2.5 2.9 ± 3.0 2.3 ± 2.2 3.1 ± 2.3 3.7 ± 3.1 F = 1.65; df = 3; p = ns Site-based YMRS 10.8 ± 5.1 7.6 ± 2.1 12.4 ± 1.1 18.8 ± 4.3
Site-independent YMRS 10.1 ± 4.5 7.4 ± 2.4 11.9 ± 2.3 16.3 ± 4.2
Mean variance 5.6 ± 2.4 4.1 ± 2.0 3.7 ± 1.9 8.2 ± 2.9 F = 15.88; df = 2; p < 0.0001 ABS discordance a 1.6 ± 1.9 1.3 ± 1.6 1.6 ± 1.2 2.8 ± 2.6 F = 10.19; df = 2; p < 0. Absolute discordance reflects the total score deviation in either direction between the paired site-based and site-independent raters on the MADRS or YMRS interviews.
b Discordant outliers were defined as paired site-based and site-independent MADRS scores >6 points deviation or YMRS scores >4 points deviation.
FIGURE 3 Discordant outliers relative to Montgomery-Asberg Depression Rating Scale (MADRS) symptom severity a 20% score deviation for a MADRS score of 30 but only 15% deviation for a site-based MADRS score of 40. The surveillance program establishes acceptable concordance ranges (rather than percent scoring differences) to enable a more pragmatic strategy to identify rater outliers.
Site-based MADRS scores <30 generated more discordant outliers than higher scores whether we used a >6 point paired scoring difference or a >15% paired scoring difference. In fact, a >15% scoring difference would have increased the discordance rate for MADRS scores <30 from 21.3% to 25.5% without changing the discordance rate for MADRS scores ≥40.
Nine discordant outliers were in the small cohort of 14 screenfailed patients with subthreshold site-independent MADRS scores <26 (p < 0.0001). The surveillance program successfully identified these ineligible patients. The 11 site-based raters who submitted these 14 MADRS scores were remediated about the appropriate use of scoring anchors and their subsequent submitted scores were monitored. Although these ineligible, subthreshold patients represent a minority of screened patients (7.6%), their inclusion in a randomized study population might impede signal detection.
Shorter MADRS interviews conducted in ≤12 min yielded significantly greater paired absolute scoring discordance (p = 0.015) and discordant outliers (p = 0.009) than longer interviews. Despite their awareness of the surveillance process, a few MADRS raters still conducted short, incomplete interviews that provided insufficient clinical information. These findings reinforce the importance of getting complete clinical information during a research interview.
Unlike the MADRS, shorter YMRS interviews (≤10 min in length)
yielded significantly less mean absolute discordance than longer interviews and only one discordant outlier. The site-based raters were able to obtain sufficient clinical information about these subthreshold hypomanic patients who endorsed fewer symptoms than patients with higher YMRS scores.
Short interviews with acutely symptomatic patients may be hurried and/or incomplete interviews that include fewer follow-up questions for verification and quantification of the severity of the item. In contrast to short interviews, longer than average length interviews may be due to more severely ill or difficult to interview patients (distractibility, evasiveness, irritability), and/or the extra time needed by less experienced clinician/raters to conduct a complete interview.
Many of the patients with higher MADRS and YMRS scores in this study endorsed agitation at the time of the interview that may also have affected the ability to properly assess them.
The analysis of the YMRS in this study is limited due to the eligibility criterion of only 2-3 manic symptoms yielding a small Site-based YMRS 10.8 ± 5.1 10.4 ± 4.9 10.9 ± 5.2 F = 0.22; p = ns Site-independent YMRS 10.1 ± 4.5 9.9 ± 4.7 10.1 ± 4.5 F = 0.08; p = ns Mean variance 5.6 ± 2.4 3.0 ± 1.7 6.3 ± 2.5 F = 0.21; p = ns ABS discordance a 3.5 ± 1.9 2.1 ± 1.5 3.7 ± 1.9 F = 4.48; p = 0.036
Discordant outliers b (%) 12 (6.5) 1 (3.6) 11 (7.6) Fisher exact = ns
Interview length (min) 15.5 ± 8.3 7.9 ± 1.7 17.6 ± 8.2
Note. The shorter interviews (≤12 for the MADRS and ≤10 min for the YMRS) were the shortest 20% of all timed interviews rounded off to the nearest minute. MADRS: Montgomery-Asberg Depression Rating Scale; YMRS: Young Mania Rating Scale.
a Absolute discordance reflects the total score deviation in either direction between the paired site-based and site-independent raters on the MADRS or YMRS interviews.
b Discordant outliers were defined as paired site-based and site-independent MADRS scores >6 points deviation or YMRS scores >4 points deviation. Therefore, another study that explores patients with a broader and more severe range of manic pathology is needed to examine scoring discordance in manic patients with higher YMRS scores than we have reported here.
The ratings data analyzed in this study were obtained at the screen visit when a potential study candidate may be unknown to the rater and is being evaluated for the first time. After randomization, research interviews generally take less time as patients become more familiar with the questions asked and the severity of symptoms may abate .
There are several inherent limitations of the paired ratings surveillance strategy that need to be noted. First, as a quality assurance program, this ratings strategy does not include a comparison group without surveillance. Hence, we cannot assert that paired ratings surveillance definitely improves data integrity versus none at all.
Second, scoring replication between site-based and site-independent raters offers quantitative ratings reliability based upon the instrument used but is only an indirect reflection of a patient's true illness severity. Third, the quality of the audio-digital recording method relies on the competency of the site-based interview and the responses of the patient during the interview.
This study describes one method of ratings surveillance and is not necessarily the optimal method for every clinical trial. Alternative surveillance methods, such as separate telephone interviews or "live"
video interviews conducted by site-independent raters offer a more distinct "second" opinion but are more intrusive and time consuming (Schoemaker et al., 2009; Shen et al., 2008; , Targum et al., 2015 . The audio-recording method does not afford visual observation of the patient or the opportunity for the independent rater to ask more questions and seek clarification. However, audio recording of site-based interviews is less intrusive and less burdensome for clinical trial sites than entirely separate, second interviews that may have temporal and informational variance as well.
This was the first placebo-controlled trial in this novel clinical population of MDD patients with mixed (subthreshold hypomanic)
features. The majority of paired site-based and site-independent scores were concordant at the screen visit and more than 92% of patients met the minimum MADRS study eligibility criterion. The findings suggest that MDD patients with mixed features can be reliably assessed in clinical trials. We found that paired site-independent scoring of recorded site-based MADRS and YMRS interviews yielded high IRR with minimal scoring discordance that may have been reinforced by the surveillance methodology. Factors associated with site-based and site-independent paired scoring discordance included symptom severity, interview length, interview quality, and the level of patient cooperation. Additional studies are needed to examine the utility of ratings surveillance to assure ratings precision in clinical trials.
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